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[57] ABSTRACT 

A tail rotor flapping hinge elastomeric bearing in which 
the inner and outer races are split and the races have 
ramped surfaces with the higher slope of the inner races 
being toward the outer edge of the bearing. The races 
have a plurality of slope angles and each inner race 
having a groove therein to facilitate a method of pre- 
loading. 

8 Claims, 4 Drawing Sheets 
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vex conical form for helicopter rotors, having provision 

PRELOADED TUNABLE ELAST OME RIC for exerting pressure on the assembly is described in 

FLAPPING HINGE BEARING AND METHOD OF Boppes et al U.S. Pat No. 4,395,143. 
PRELOADING 

5 DISCLOSURE OF INVENTION 

TECHNICAL FIELD An object of the present invention is to provide an 

This invention relates to rotor blade bearings for improved elastomeric bearing structure for the flapping 

helicopteis and more particularly to tail rotor flapping hinge of an heUcopter articulated rotor head, 

hinge bearings. Another object of the invention is the provision of a 

10 flapping hinge elastomeric bearing which provides opti- 

BACKGROUND ART mized edgewise moment carrying stlfEhess and mazi- 

In single rotor helicopters utilizing fully articulated mized axial stif&ess. 

rotor blades there are three degrees of articulation. This StiU another object of the invention is the provision 

permits the blades to change pitch, flap and hunt Basi- of a flapping hinge elastomeric conical bearing in which 

cally, pitch change is the only action controlled directly root stiffness is controlled by choodng the proper angu* 

by the pilot, bemg controUed through cyclic and oollec- lar rehitionship of the frusto-conical bearing elements, 

tive pitch sticks. Pitch change is accomplished by rotat- The foregoing and other objects and advantages of 

ing the blade sleeve about a spindle and an associated the mvention may be seen by referring to the following 

thnist bearing assembly. A change in cyclic pitch causes description and claims, read m conjunction with the 

the blades to flap which factor requires the use of flap* ^ accompanying drawings, 
ping hinges. A flapping hinge m a tail rotor application 

normally is subjected to about ±4* of blade flap and BRIEF DESCRIPTION OF THE DRAWINGS 

does not have the range of rotationa] movement such as piG. 1 is a view of a portion of an articulated rotor 

that to which the pitch bearing is subjected. head including the flapping hinge and the pitch bearing. 

The flapping hinge bearing, particularly as appUed to 25 piQ. 2 is a section view of an elastomeric conical 

a stiff in-plane tafl rotor with no lag hinge, must provide flapping hinge bearing in accordance with this inven- 
a specific stifihess, especially in the edgewise plane. 

Further, it is important that blade edgevose FIG. 3 is a section view of a bearing with preloadmg 

frequenaes be separated. Coalescence of edgewise/flat- elements in position. 

wise frequencies njim be avoid^ or ex^cmiely high 30 pjQ 4 ^ ^^^^^ frequency intercepts, 

stresses would result, leading to structural failure of the ^ ^ r 

rotor assembly. Frequency tuning by spring rate adjust- BEST MODE FOR CARRYING OUT THE 

ment of the flapping hinge bearing through the bearing INVENTION 

structure of this invention can provide reduction of , et^ luumr^-i^u^-u ^ 

aerodynamic loading to lower bl^ stresses and mini- 35 ^ ^ G. 1. hub 10 of a toil rotor head is shown. The 

mize ie up weight Ld flight weight Also, the bearing ^ ^'^l}^. ^^^^ 

geometry Will afford the lowest possible blade weigh! thereto at lugs 16 for rototon therevjath. The mtermedi- 

and best frequency situation. ^ connectton between the hub and the blade mcludes 

In certain helicopter articular rotor head models nee- ^^^^ ^ ^ spindle being connected 

die bearings typically have been used as the tail rotor 40 d^ectly to the hub at flapping hinge bearing 22 and the 

flap bearing. However, due to current incorporation of sleeve being connected to the blade by bolts 24. The 

composite blades witii higher thrust requirements, bear- connection between the spmdle and the sleeve consti- 

ing life has not been as long as desirable and more fre- ^ute pitch bearing 26. the outer race of which is defined 

quent replacement of the bearing has been required. cylindrical wall 28 of the sleeve and the inner race of 

Metal rolling element cylindrical or conical bearings 45 which is defined by cylindrical wall 30 of the spindle, 

require a lubrication system involving seals to contain The pitch bearing permits rotation of blade 14 about its 

the lubricant Further, bearings of that type function longitudinal axis and reacts centrifugal loads on the 

best with large angular excursion, i.e,, complete revolu- connection. 

tions of the needle bearing. Conversely, they function Flapping hinge bearing 22 is shown in detail in FIG. 
pooriy with small angular motion such as the flapping 50 2. The bearing essentially is comprised of two half sec- 
motion of an articulated rotor blade. The reason for this tions, each section having a unitized inner and outer 
is the line contact and resultant high Hertz stress due to race with an elastomeric structure therebetween and 
rollers merely rocking in place. This results in "fretting bonded thereto. The inner races have an outer surface 
corrosion*' which, as it progresses, causes the bearings which is canted with the slopes facing each other, and 
to lose preload and eventually to wobble. 55 the outer races have an inner surface which is canted in 
Replacement of metal rolling element bearings with the opposite direction with the slopes facing away from 
radial elastomeric bearings has overcome the problems each other and, thus, essentially parallel to the opposite 
with metal bearings primarily because small amplitude iimer race. 

flapping angles are ideal for the elastomeric type bear- As shown, the left half of the bearing includes inner 

ing. Replacement of the metal needle bearing with an 60 race 32, elastomeric structure 34 and outer race 36. The 

elastomeric bearing results in dramatically extended mner race increases in thickness from its mner end face 

bearing life, improves edgewise stiffness, requires no 38 to outer end face 40 and the ramped peripheral sur- 

seals, and minimizes maintenance. face 42 has a plurality of slope angles including a first 

A frusto-conical bearing construction of concave surface 44 having a first slope angle and second surface 

conical form having bonded thin solid film lubricant 65 46 having a greater slope angle than that of the first 

coatings on multiple laminar surfaces with provision for surface. Outer race 36 mcreases in thickness from its 

axial adjustment of the inner race is described in Haines outer end 48 to inner end face 50 and the ramped inte- 

U.S. Pat No. 3,984,152. An elastomeric bearing of con- rior sur&ce 52 has a first sur&ce 54, opposite inner race 



02/23/2004, EAST Version: 1.4.1 



4,859,148 

3 , 4 

Gxst surface 44 and having a slope angle essentially and spindle assembly are then placed in position be- 
parallel to that of surface 44 The race has a second tween hub lugs 84 and 8$, FIG. 2. A clamping fixture is 
sur&ce 56 opposite inner race second surface 46 and then applied to the hub lugs to prevent them from 
having a slope angle essentially parallel to that of sur- spreading when the preload on thie inner races is re- 
face 46. 5 leased. The preload elements such as nut 130, washer 

The right half of the bearing has inner race 58 with 128, bolt 126, plugs 98, 112 and 120, and retaining rings 

periphery surface 60 and outer race 62 with interior 92 and 116 as shown in FIG. 3 are then removed and 

surface 64 which surfaces are dual-sloped, the slopes hinge pin 82, nut 88 and washer 90 are installed. The 

being equal to but opposite in value to their counterpart clamping fixture is removed, of course, after the bearing 

surfaces in the left half of the bearing. 10 installation. 

The flapping hinge bearing is shown in FIG. 2 as If additional stiffiiess, that is a higher bearing preload, 

installed in spindle 18. The left and right secdons of the is required due to frequency sensitivity or permanent set 

bearing have been pressed into hole 66 thus precluding of the elastomer, split shim 80 can be removed and 

relative motion withm the spindle with flange 68 of the discarded. This will permit axial adjustment of the two 

left bearing section abutting spindle shoulder 70 and IS inner races toward each other. When this is done, shims 

flange 72 of the right hearing section abutting spindle equal in thickness to the thickness of shim 80 would be 

shoulder 74. In the installed position there may be a placed between the outer end face of each inner race 

small gap between inner end face 50 of outer race 36 and the adjacent hub lug before reinstallation of the 

and inner end face 76 of outer race 62. There also is a hinge pin. 

small gap between inner end face 38 of inner race 32 and 20 FIG. 4 is a plot showing the relationship of aerody- 

inner end face 78 of inner race 58. This gap is filled by namic forced frequency to natural frequency and the 

spacing shim 80 of spUt construction. Flanges 68 and 72 separation of edgewise and flatwise frequencies in a 

have an antifriction material afifixed to protect hub lugs rotor employing the flapping bearing configuration of 

84 and 86. this invention. In the plot, critical frequencies IP, 2P, 

The spindle assembly is attached to hub 10 by hinge 25 3P and 4P are shown as broken lines. At normal operat- 

pm 82 which passes through hub lugs 84 and 86 and ing rotor RPM (100%), the blade system edgewise natu- 

inner races 32 and 58. The pin is secured in position by ral frequencies must not be in close proximity to these 

nut 88 and lock washer 90. critical frequencies. This requirement assures avoidance 

Preloading of the flapping hinge bearing occurs be- of unacceptably high blade stresses. The blade assembly 
fore the spindle assembly is attached to the hub. The 30 and root end attachment have a combined stiffness re- 
elements of this procedure are shown in FIG. 3. In its suiting in flatwise frequency Imes Fl, F2, and edgewise 
initial form as a unitized structure, the inner races of frequency lines El, E2. 

each bearing half are positioned so that their outer ends The fu^ flatwise frequency line Fl, essentially paral- 

extend outward beyond their final position, and the lels the IP line, and it would intersect the first edgewise 

adjacent inner ends are spaced apart The bearing then 35 line El, to the right beyond the 100% rotor RPM Ime. 

is preloaded by squeezing the inner races toward each Thus, Uiere is separation of the flatwise and edgewise 

otiier to a predetermined position, and thus a predeter- frequencies at the 100% rotor operating point. Simi- 

mined load. The final position of the inner races is a larly, the second order flatwise and edgewise frequency 

function of the thickness of the split spacing shun, such lines, F2 and E2, show even wider separation at the 

as 80 in FIG. 2, used between them. As shown in FIG. 40 100% rotor RPM line. The flapping hinge offset, that is 

3, retaining ring 92 having multiple circumferential the distance between the axis of the flapping hinge and 

segments is placed in position in groove 94 within inner the axis of rotation of the rotor, controls the position of 

race 96. A material such as LOCTITE is used to hold the Fl curve. In the preferred design. El is generally 

the segments in place. Plug 98 then is slid mto position equidistant between IP and 2P at the 100% rotor speed 

within the bearing with plug shoulder 110 seating 45 line. This frequency placement results in minimum 

against the ring segments. Spacer plug 112 is next in- blade loads, mmimum stresses and minimum blade and 

serted within the inner races. The spacer plug controls hub assembly weight. If El is in close proximity of 

ahgnment of inner races 96 and 114 and also holds the either IP or 2P, blade stresses increase dramatically, 

split spacing shim in position prior to installation of the Higher harmonics must adhere to the same rules to 

hinge pin. The segments of retaining ring 116 are then 50 avoid high blade stresses. 

placed in position in groove 118 within inner race 114 The tunable elastomeric flap bearing structure of this 

and plug 120 is slid into position with plug shoulder 122 invention provides a preload means to adjust the root 

seating against the ring segments. end spring rate to a desired value and frequencies de- 

Witii the two plugs 98 and 120 and spacer plug 112 in scribed above. Tuning the spring rate by means of axial 

position, bolt 126 is inserted through tiiem and washer 55 displacement of the bearing races results in the elasto- 

128 and nut 130 applied. The bolt and nut are then mer preload (compression) required for proper place- 

torqued to cause the two inner races to move toward ment of the first edgewise frequency line El between 

each other and compress the elastomeric material with the critical frequencies IP and 2P. Also, F2 is suitably 

the higher preload being imposed at the steeper outer separated from 3P and 4P. 

portions of the elastomer because of the dual opposite 60 Rotor stiffness is controlled by choosing the angular 

facing slopes of the inner and outer races. The inner relationship of the stepped surfaces of the frusto-conical 

races are forced inward to a predetermined position in elastomeric bearing elements. For optimum stiffness, 

accordance with the thickness of split shim 80. the cone angles of the bearing inner race surfaces will 

Threaded holes 132 are provided in the face of each mcrease as the distance from the bearing centerline 

plug to permit the use of a tool for withdrawal of the 65 increases. The steeper angle of the elastomeric segments 

P^"8& result in more compression for the same linear preload 

When the inner races of the bearing have been com- motion of the inner race when compared to compres- 

pressed to the desired dimension and loading, the sleeve sion of the less steep elastomeric segments. The use of 
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the stepped configuration results in maximized stiffness being guided by and having a shoulder abutting said 
perpendicular to the inner race and maximum axial/- retaining ring means, inserting bolting means through 
thrust load carrying capacity of the bearing. said plug means, rotating said bolting means to cause 
It should be understood that the invention is not lim- said inner races to move toward each other to a prede- 
ited to the particular embodiment shown and described 5 tennined bearing preloaded position, installing said 
herein, but that various changes and modifications may bearing and said spindle in position between lugs on said 
be made without departing from the spirit or scope of rotor hub, removing said bolting means from said plug 
this concept as defined by the following claims. means, and then removing said plug means and retain- 
I claim: ing nng meanSt inst ft^l^pg binge pin means through said 
1. An elastomeric bearing for the flapping hinge of a 10 j^gj and said races of said bearing, and rotating 
helicopter articulated rotor head, said bearing haying an said hinge pin means to a predetermined loading, 
irmer race and an outer race with elastomeric means 5, method of preloading an elastomeric bearing for 
between said races, said nmer and said outer races con- the flapping hinge of a helicopter articulated rotor head 
sisting of two elements, each element having an inner ^ ^jji^h the hinge is located between a rotor hub and 
face in close proximity to the mner face of said other IS }yi^^ spindle and in which the bearing consists of a pair 
element and located near the middle of the bearing, and ^ 3 ^ ^jjj elastomeric mate- 
each element having an outer face located adjacent the ^^1 between said races and each race has a sloped sur- 
outer edge of said bearing, each inner race dement ^ ^ ^i^h the surface of 
havmg an mner periphery toward said mner face havmg ^^j^ ^ ^^^^ ^ 
a first slope angle and an outer penphery toward said 20 ^^^^ ^^^^ ^ 
outer face havmg a slope angle greater than the slope ^^^^^ comprising the steps of pressing each pair of 
angleofsaidumerpenphery andsaidouterracehavmg ^ from opposite directions into a 
an mner P«nph«ry wiA surfaces opposite and cssen- j^^j^ ^j^^ . . ^ ^ ^ . 
■ tinii y naiallel to those of its ODDOSite inner race element " icuuiuug uig tunuio 

in which said inner nic«liave means by which said ^.tan>«8Plug means in each mner race said plug means 

races may be moved to establish a piedetomined load- be"\8.g««ded by and havmg a shoulder abuttmg said 

. on scdd bearing retainmg nng means, msertmg boltmg means through 

3. A method ofpreloading an elastomeric bearing for P^^S means, rotating said bolting means to cause 
the fhippinghingeofaheUoopterarticulatedrotor head 30 said imia races to move toward each other to 

in which the binge is located between a rotor hub and termmed bearmg preloadmg position, mstalhng said 

blade spmdle and in which the bearing consists of a pair ^>earing and said spmdle m position between lugs on said 

of inner and a pair of outer races with elastomeric mate- ^^^^ positionmg clampmg means to prevent said 

rial between said races and sloped surfaces on said inner spreading, removing said bolting means 

races fadng towaid each other and sloped surfeces on 35 said plug means, and then removing said plug 

said outer races facing away from each other and being ^ retaining nng means, mstalhng hmge pm 

essentially parallel to the opposite inner race surface, means through said lugs and said inner races of said 

the method comprising the steps of pressing each pair of bwring, rotating said hinge pin means to a predeter- 

inner and outer races from opposite directions into a mined loading, and removing said clamping means from 

hole in said blade spindle, inserting retaining ring means 40 said hub Ings. 

in grooves in each inner race and positioning in place, ^ ^ elastomeric bearing assembly for the flapping 
installing plug means in each inner race, said plug means hinge of a helicopter articulated rotor head in which the 
being guided by and having a shoulder abutting said bearing assembly includes a pair of inner and a pair of 
retaining ring means, inserting bolting means through outer races with elastomeric means between each pair 
said plug means, rotating said bolting means to cause 45 of inner and outer races, the surfaces of said races adja- 
said inner races to move toward each other to a prede- ^^^^ said elastomeric means being sloped with the sur- 
termined bearing preloading position, installing said faces of said inner races facing inwardly of the bearing 
bearing and said spindle in position between lugs on said toward each other and the surfaces of said outer races 
rotor hub, removing said bolting means from said plug being essentially parallel thereto, means for establishing 
VfT^T iff, and then removing said plug means and retain- SO ^ preload on the bearing including a groove around the 
ing ring means, installing hinge pin means through said inner circumference of each inner race for the tempo- 
lugs and said inner races of said bearing, and rotating rary positioning of a retaining ring, plug means to be 
said hinge pin means to a predetermined loading. temporarily installed within each inner race and re- 

4. A metiiod of preloading an elastomeric bearing for strained against inner movement by said retaining rings, 
the flapping hinge of a helicopter articulated rotor head 55 spacer means to be temporarily installed within said 
in which the hinge is located between a rotor hub and inner races and between said plug means to control 
blade spindle and in which the bearing consists of a pair alignment of said inner races, and means to be temporar- 
of inner and a pair of outer races with elastomeric mate- ily installed through said plug means for moving the 
rial between said races and each race has a sloped sur- plugs and inner races toward each other to a predeter- 
face with a plurahty of slope angles with the surface of 60 mined preload position. 

each inner race having the higher slope angle being 7. An elastomeric bearing assembly in accordance 

located toward the outer edge of the bearing, the with claim 6 in which the races are double sloped, 

method comprising the steps of pressing each pair of 8. An elastomeric bearing assembly in accordance 

inner and outer races from opposite directions into a with claim 6 having an annular shim installed between 

hole in said blade spindle, inserting retaining ring means 65 said inner races to establish the preload position of said 

in grooves in each inner race and positioning in place, mner races, 

installing plug means in each inner race, said plug means • • • t • 
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Detailed Description Text - DETX (11) : 

If additional stiffness, that is a higher bearing preload, 
is required due 

to frequency sensitivity or permanent set of the elastomer, 
split shim 80 can 

be removed and discarded- This will permit axial adjustment 
of the two inner 

races toward each other. When this is done, shims equal in 
thickness to the 

thickness of shim 80 would be placed between the outer end 
face of each inner 

race and the adjacent hub lug before reinstallation of the 
hinge pin. 

Detailed Description Text - DETX (14) : 

The tunable elastomeric flap bearing structure of this 
invention provides a 

preload means to adjust the root end spring rate to a desired 
value and 

frequencies described above. Tuning the spring rate by means 
of axial 

displacement of the bearing races results in the elastomer 
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preload 

(compression) required for proper placement of the first 
edgewise frequency 

line El between the critical frequencies IP and 2P. Also, 

is suitably 

separated from 3P and 4P. 
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